The results of applying a battery of peripheral nerve 
Although there has been clinical and pathological evidence that in some patients with diabetic neuropathy, small diameter nerve fibres may be more severely involved than larger ones,' 2 until recently quantification of the respective deficits has been difficult. However, since the advent of quantitative sensory testing3 there have been a number of studies of nerve function in diabetics at various stages of their disease which have incorporated assessment of small diameter [4] [5] [6] [7] [8] [9] [10] [11] [12] nerve fibre function.
We have developed a battery of tests which can be carried out within two hours, for measuring the various modalities of peripheral nerve function. These tests have been applied to three different groups of patients with diabetes mellitus to assess the extent of large and small fibre dysfunction at various stages of neuropathy. The study also provides evidence as to which of the tests gives the earliest indication of peripheral nerve damage and which tests, not necessarily the same, are most likely to be useful in detecting change in the severity of the damage. Information on these points is of increasing importance with the development of therapeutic measures designed to prevent the development of diabetic neuropathy or improve the established condition, and in epidemiological surveys of the incidence of neuropathy in diabetes. ' Data obtained in our laboratories on control subjects were used in the assessment of abnormality.
Statistical analysis
Peripheral nerve function is known to deteriorate with age. In the control subjects, the results gave a better linear correlation with age after log transformation of the data. In addition when repeated observations were made on control subjects the data was heteroscedastic. For these reasons statistical analysis was carried out on log transformed data. The only exception was conduction velocity, to which these criteria did not apply, and a linear correlation with age was used. The vasodilatation index was a ratio of two measurements and therefore a linear correlation was also calculated.
The formula used for calculation of the 9500 control limits of the regression on age was:
where n = number of subjects, a = intercept, b = slope, x = mean age, xi = age of subject, SD = standard deviation of slope. Values in diabetics which fell outside these limits were considered abnormal.
Results

Control data
Data for control subjects obtained using the tests described are summarised in table 1 . The age of control subjects was 20-70 years, with similar numbers in each decade. There was a significant difference in the regression correlation, either slope or intercept, between males and females for the sensory tests, and so the sexes were analysed separately. There was no significant difference between males and females for the electrophysiological or autonomic studies. The slope of the regression with age was not statistically significant for sural nerve conduction velocity nor in females for cooling or warming threshold or the size of the flare. All other parameters deteriorated significantly with increasing age.
The size of the sympathetic reflex vasoconstriction response was highly variable in control subjects, as has been found previously. '9 Vasomotor fibres were only considered to be abnormal when the response to both stimuli was absent.
Sweating was absent on the soles of the feet of 20% of control subjects. This limited the value of the test in assessing abnormality in an individual subject, but comparisons of the incidence of absent sweating could be made between different clinical groups of diabetic subjects.
Diabetic subjects The incidence of abnormalities in the different groups is shown in table 2.
Group I Not surprisingly, the lowest incidence of abnormality for all functions was in this group of long standing diabetics without clinically function and parasympathetic heart rate variability were normal in all and the incidence of abnormal sweating was no higher than in control subjects. There were only three subjects among the 11 tested in this group in whom no abnormalities were detected. In three others, abnormalities were confined to small fibres concerned with thermal perception (warming only in two), and in the remaining five, function of both large myelinated and small diameter fibres was disturbed. There were no subjects in whom abnormality was limited to large myelinated nerve fibre function.
Group II Functional abnormalities were more severe in the group of subjects with mild clinical neuropathy. The highest incidence of abnormality was in large diameter (Ab) sensory fibres; warm perception (C fibres) were abnormal in approximately 60%. Ad cooling fibres were abnormal in one third of this group and cardiac parasympathetic functions in a quarter.
Considerable evidence was placed on clinical abnormality of vibration perception threshold in selection of this group of patients for inclusion in a drug trial. This would account for finding some abnormality of Ab nerve function in all of them. Tests of Ad and C fibre functions were within normal limits in 1 1 ofthe 27.
All the patients with abnormal cooling perception also had abnormal warm perception and all those with abnormal cardiac autonomic function had abnormal thresholds for both cooling and warming.
Group III The highest incidence of abnormality of all functions was seen in the group with foot complications. Sensory and motor nerve functions were abnormal in 78-96% of subjects. The incidence of abnormalities in peripheral and cardiac autonomic function was lower (33-53%O ).
The findings in individual subjects in this group are summarised in table 3. These demonstrate the variation in the pattern of neurological abnormalities in individual patients. In some there was greater involvement of small fibres, whereas in others large fibres were more affected.
Among the different groups of tests, there was only one patient (with a plantar ulcer) in whom Ab fibre function was entirely normal. Perception of warming was absent in all except two, in one of whom the threshold was abnormal.
In patients with neuroarthropathy, all motor and sensory functions were abnormal except in one subject, a young girl aged 20. Her abnormalities were limited to sensory C fibres and reduction of sural nerve action potential. She had developed a painless foot deformity three years previously over the course of three months following a bicycle accident.
There was an interesting difference in the sweating abnormalities between patients with plantar ulcers and arthropathy. Sweating was absent in seven of eight patients with an ulcer, in patients with diabetic peripheral neuropathy show considerable variance: Dyck's group found the threshold for cooling to be less frequently abnormal than large fibre function7 whereas Zeigler et al 10 found it to be the most abnormal. Others using the Marstock thermal tester have found thermal thresholds to be more abnormal than vibration sensation.45 When electrophysiology has also been performed a high incidence of abnormality has been detected in sensory nerve action potentials. Levy et al6 found the medial plantar nerve action potential (recorded from a very distal nerve in the foot) to be more commonly abnormal than thermal sensitivity or vibration perception. Guy et al 21 found sensory nerve action potentials in the hand to be more abnormal than vibration or thermal perception at the same site.
When interpreting the significance of the differing incidence of abnormality in the various tests, it is important to remember that this depends not only on the pathology of the different nerve fibres but also on the sensitivity of the tests. The capacity to detect abnormality is influenced both by the nature and design of the tests as well as the range of biological variability in control subjects. The clinical group of patients studied and site of the body tested are also important. These factors contribute to the lack of consistency as to which group of nerve fibres are most frequently abnormal in the studies described above.
Because of the lack of comparability of the different tests, our results cannot be taken as an indication of the severity of damage to different types of nerve fibre. They do, however, have practical implications in deciding which tests are the most suitable for detecting minor abnormalities and also those which are likely to be the most useful in assessing deterioration or improvement.
Threshold for perception of warming was highly abnormal, even in the least affected group, and is therefore a useful measure for detection of both minor and severe abnormalities. To perceive warming on the sole of the foot, it is necessary to use a large thermode in control subjects. Thus it is evident that summation of impulses in a number of fibres is necessary for perception. Patchy loss of some fibres will result in elevated threshold. This probably partly explains the sensitivity of this measurement. However, warm perception is a poor parameter for following progress, because it was absent at the highest stimulus level available in 14 of 27 subjects with only mild neuropathy. In These results confirm that, in distinction to many types of peripheral neuropathy which predominantly involve large diameter nerve fibres, small myelinated and unmyelinated nerves are frequently involved in diabetic neuropathy. There were a few patients in the, least affected group clinically whose abnormalities were confined to small diameter nerve fibres, but none with large fibre dysfunction alone. However, this at least partly reflects the relative sensitivity of the tests rather than the number of abnormal nerve fibres in the different groups. Pure or predominantly small fibre disease of the type described by Said et al 2 is rare and was not seen in this present study. When individual neuropathic profiles were considered it was obvious that there was considerable variability as to which type of fibre was most affected. It is possible that this heterogeneity is the result of multiple aetiological mechanisms in the production of neuropathy and if this is so, then any attempt to define a single pattern of abnormality in diabetic neuropathy is doomed to failure.
We thank Dr Anthony Kurtz for encouraging us to examine his patients, Mr Ken Robertson of The London Foot Hospital for his help in selecting and classifying the patients with foot lesions, The Sir Jules Thorn Charitable Trust for generous support while developing the tests, ICI Pharmaceuticals for support while we collected the data from Group II patients, Mr Tarlok Gajree for invaluable technical help with the apparatus, and Mrs Fay Kay and Mrs Olwyn Wade-Jones for collecting much of the vibration perception data.
